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(g) Communication technique employing variable information transmission rate function of quality. 

(57) A communication method wherein rate of 
information transfer with a given signal trans- 
mitted or received at a transceiver node (e.g. 
101) is dynamically varied as a function of the 
relative quality of the transmission environ- 
ment The method employs a responsive buffer- 
ing process (in 107) at each communication 
node that permits this rate to be varied some- 
what independently of the rate at which infor- 
mation is transferred to or from the transceiver 
node. In a particular application, the invention < 
permits information to be exchanged between a 
wireless signal (from 116) having a variable 
error correction bandwidth and a fixed 
bandwidth data stream (108,115,111). 
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Background Of The Invention 

For field managers, as well as field sales and ser- 
vice personnel, the ability to conveniently and rapidly 
transmit and/or receive messages to and from a cen- 5 
tral data base is essential. However, the mobile na- 
ture of these and many other occupations makes ac- 
cess to wireline terminals impractical, if not impossi- 
ble. Modern wireless two-way messaging systems, 
such as commercial remote data terminal networks, 10 
are directed to supporting the mobile data messaging 
needs of such professionals as they travel about the 
coverage area of the messaging network. These net- 
works typically operate with in the frequency range re- 
served for cellular communications, and require a is 
bandwidth on the order of 25 MHz. 

Within such networks, users employ transport- 
able field transceivers to contact one or more regional 
processors, and thereby gain access to the network 
and a central application host/database. Typically, as 20 
a user moves about the coverage area, signals trav- 
eling between the mobile and regional processors are 
subject to fading (i.e., random signal variations usu- 
ally induced by atmospheric conditions and/or the 
surrounding topography). These variations can intro- 25 
duce bit errors into the data being passed to and from 
the mobile transceiver. The standard protocols and 
relatively unintelligent regional processors employed 
within the networks dictate that a substantial fixed 
portion of the transmission bandwidth be dedicated to 30 
error correction. This naturally reduces the bandwidth 
available to a user for sending and receiving informa- 
tion. The error correction afforded by this information 
bandwidth reduction is indeed necessary when a user 
is in an area where fading is evident. However, in an 35 
environment where fading is minimal or zero, suc- 
cessful transmission and reception of information can 
be accomplished with reduced error correction. If the 
percentage of bandwidth dedicated to error correction 
were to be dynamically adjusted in response to the 40 
relative fading a user was experiencing, the informa- 
tion bandwidth could be maximized. This type of dy- 
namic bandwidth management is employed within 
certain facsimile machine protocols, so that if the tel- 
ephonic connection between two facsimile machines 45 
is of high quality (i.e., induces minimal bit errors) the 
amount of error correction is reduced, and the band- 
width afforded to information transmission is in- 
creased. Unfortunately, current wireless two-way 
data networks are unable to employ dynamic band- so 
width management In order to accommodate dynam- 
ic variations in the information band widths of the field 
transceivers employed within a wireless two-way 
data network, the information bandwidths of the as- 
sociated regional processors and central application 55 
host/database would have to be responsively varied 
in a similar dynamic manner. The transceivers, proc- 
essors and protocols utilized within present wireless 



two-way data networks are simply not adapted to 
support such bandwidth dynamics. 

Summary Of The Invention 

The aforementioned problems and limitations are 
solved, in accordance with the principles of the inven- 
tion, by providing a communication method wherein 
rate of information transfer with a given signal trans- 
mitted or received at a transceiver node is dynamical- 
ly varied as a function of the relative quality of the the 
transmission environment. The method employs a re- 
sponsive buffering process at each communication 
node that permits this rate to be varied somewhat in- 
dependently of the rate at which information is trans- 
ferred to or from the transceiver node. In a particular 
application, the invention permits information to be 
exchanged between a wireless signal having a vari- 
able error correction bandwidth and a fixed band- 
width data stream. 

Brief Description Of The Drawing 

In the drawing: 

FIG. 1 shows, in simplified block diagram form, a 
wireless two-way messaging system incorporat- 
ing a particular embodiment of the invention; and 
FIG. 2 shows, in simplified block diagram form, a 
wireless two-way messaging system incorporat- 
ing a particular embodiment of the invention. 

Detailed Description Of The Invention 

FIG. 1 is a simplified block diagram showing a 
wireless two-way messaging system incorporating a 
particular embodiment of the invention. As shown, 
base transceivers 101 and 102 are connected via in- 
formation channel wirelines 103 and 104, and control 
wirelines 105 and 106 to regional control processor 
("RCP") 107, and RCP 107 is connected to satellite 
hub 108 via wireline 109. Each base transceiver is 
adapted to receive, transmit and process radio sig- 
nals having a fixed channel bandwidth B. Network 
Gateway Controller ("NGC") 110 is shown to be con- 
nected to satellite hub 111 by wireline 112, and to ap- 
plication host/database ("AH/D") 113 by wireline 114. 
The communication link provided by satellite hubs 
108 and 111 and direct broadcast satellite 115 is re- 
ferred to as the backbone message transport ("BMT") 
link. Field transceiver 116 is shown to be located in 
the vicinity of base transceiver 101. Field transceiver 
116 is adapted to transmit and receive encoded radio 
signals having a fixed channel bandwidth B. A portion 
of this bandwidth, designated I, is employed to carry 
information, and the remainder of bandwidth B, des- 
ignated E, is used to provide error correction for the 
information portion of the signal. Typically, forward 
error correction would be employed, but other coding 
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schemes could also be used. The system illustrated 
in FIG. 1 can be viewed as a communication network 
wherein a transmission form end to end would involve 
a minimum of six nodes (a field transceiver, a base 
transceiver, an RCP, a BMT link, an NGC and an 
AH/D). 

For a particular method of practicing the inven- 
tion, field transceiver 116 initiates a request to receive 
data from AH/D 113 by transmitting an encoded radio 
signal of bandwidth B. Such a request would include 
information as to the identity of the field transceiver 
and the particular data and AH/D being queried. As 
shown in FIG. 1, field transceiver 116 includes radio 
transmitter/receiver ("T/R") 117, controller 118, mem- 
ory 119, and interface 120. Since this is an initial 
transmission, controller 118 would instruct trans- 
mit/receive unit 118 to employ a predetermined por- 
tion of bandwidth B for the purposes of error correc- 
tion (the predetermined portion, designated E 1t would 
be set as a function of information retrieved by con- 
troller 118 from memory 119). The encoded signal 
(containing information of bandwidth B-E 1f and error 
correction of bandwidth would then be transmitted 
from T/R 117 for reception by a base transcejver. 

The signal transmitted by field transceiver 116 is 
received and processed by base transceiver 101. 
Upon receipt of the signal by T/R 121 , controller 122 
within base transceiver 101 performs a qualitative as- 
sessment of the signal. If it is determined that present 
transmission environment requires a level of error 
correction higher than that afforded by bandwidth 
(i.e., radio channel quality is poor), or if an information 
reduction ("IR") signal is received from RCP 107, a 
message instructing field transceiver 116 to increase 
the error correction bandwidth to an appropriate level 
is generated by controller 122 and transmitted by 
base transceiver 101. Controller 118 of field trans- 
ceiver 116 responds by increasing the bandwidth de- 
voted to error correction to some value E 1+ (where 
E,+>E A ), and re-transmits the previously transmitted 
information at a reduced bandwidth of B-E 1+ . All com- 
munications between field transceiver 116 and base 
transceiver 101 will be carried out at this increased er- 
ror correction level until an assessment of the signal 
received at base transceiver 101 indicates that a dif- 
ferent level of error correction (either higher or lower) 
is merited. If, however, the assessment of the initial 
signal received from field transceiver 116 indicates 
that the present transmission environment would tol- 
erate signals with a lesser degree of error correction 
controller 122 generates a message instructing field 
transceiver 116 to decrease the error correction 
bandwidth to a value of E t - (where E^E^. This mes- 
sage is then transmitted to field transceiver 116 by 
base transceiver 101; although transmission of this 
message may be prohibited if controller 122 receives 
an IR signal from RCP 107 via control wireline 105. 
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However, assuming controller 122 is not receipt of 
such an IR signal, communications between field 
transceiver 116 and base transceiver 101 will be car- 
ried out using this decreased error correction level un- 

5 til an assessment of the signal received at base trans- 
ceiver 101 indicates that a different level of error cor- 
rection is merited, or until controller 122 receives an 
IR signal from RCP 107. Naturally, if the quality of the 
initial signal received at base transceiver 101 is found 

10 to be commensurate with the level of error correction 
provided by bandwidth E, , there is no need to alter the 
information/error correction bandwidth proportions 
for future communications, and no message regard- 
ing such need be sent to field transceiver 116 until an 

15 assessment of the received signal at base transceiver 
1 01 indicates otherwise. 

Naturally, as the ratio of error correction band- 
width versus information bandwidth is altered, the 
rate at which base transceiver 101 receives field 

20 transceiver 1 1 6's request for data from AH/D 1 1 3 va- 
ries. As a result, the rate at which data travels from 
base transceiver 101 to RCP 107 along information 
channel wireline 103 fluctuates. The data received by 
RCP 107 on information channel wireline 103 is 

25 passed to wireline 109 and the BMT link (which in- 
cludes satellite 115, and satellite hubs 108 and 111). 
RCP 107 functions to provide an intelligent buffer be- 
tween the fluctuating rate data arriving on informa- 
tion channel wireline 103 and the fixed data rate of the 

30 BMT link. RCP 107 also embeds information reflect- 
ing the aggregate rate at which data is being collected 
from base transceivers, and the fullness of buffer 
125, into the data stream transmitted along wireline 
109. 

35 As shown in FIG. 1, RCP 107 includes controller 

123, and buffers 124 and 125. Controller 123 func- 
tions to monitor the rate at which data is being sent to 
and from the various base transceivers connected to 
buffer 124, as well as the rate at which data is being 

40 sent to buffer 1 25 from the BMT link. Via control wire- 
line 105, controller 123 receives information from 
controller 122 regarding the rate at which data from 
base transceiver 101 will be sent to buffer 124. If con- 
troller 123 determines that the aggregate incoming 

45 data rate to buffer 124 is equal to the fixed rate at 
which data may be passed through the BMT link, the 
incoming data is multiplexed or packetized within 
RCP 107, and then passed to satellite hub 108 via 
wireline 109. If, however, controller 123 determines 

so that the aggregate incoming data rate to buffer 124 is 
less than the fixed data rate of the BMT link, RCP 107 
will effectively elevate the data rate by adding bits to 
the data stream before it is transmitted along wireline 
109. These additional bits are inserted in a way that 

55 will not affect the information carried by the data 
stream (a practice commonly referred to as "bit stuff- 
ing"). Contrastingly, if controller 123 determines that 
the aggregate incoming data rate to buffer 124 is in 
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excess of the maximum BMT link data rate, the incom- 
ing data will be stored in buffer 124 as it arrives, and 
allowed to pass through to wireline 109 at a rate equal 
to the maximum BMT link data rate. This will of course 
result in an accumulation of information within buffer 5 
124 as the data rate in is greater than the data rate 
out The period over which RCP 107 can sustain such 
an uneven data flow is a function of the size of buffer 
124 and the aggregate rate at which data continues 
to enter buffer 124. 10 

If controller 123 determines that buffer 124 is in 
danger of becoming full (a condition that would result 
in the loss of any data subsequently transmitted to 
RCP 107 from base transceivers), it sends an IR sig- 
nal to base transceiver or transceivers currently 15 
transmitting information to RCP 107 (in this case, 
base transceiver 101). This IR signal causes control- 
ler 1 22 within the base transceiver 1 01 to increase the 
bandwidth being used for error correction in commu- 
nicating with field transceiver 116, thereby reducing 20 
the information bandwidth. This effectively diminish- 
es the rate at which base transceiver 101 will transfer 
information to buffer 1 24, and allows for that buffer to 
be emptied. When controller 123 determines that buf- 
fer 124 is no longer in danger of becoming full, it will 25 
discontinue the IR signal being transmitted to base 
transceiver 101 . Controller 122 will then be free to re- 
duce the bandwidth devoted to error correction to a 
level suitable for the transmission environment 

After passing through buffer 124 107 and the 30 
BMT link, the signal from RCP 1 07 (which includes in- 
formation as to the identity of field transceiver 116 
and the particular data and AH/D being queried, as 
well as information reflecting the aggregate rate at 
which data is being collected by RCP 107, and the 35 
fullness of buffer 1 25) arrives at NGC 110 via wireline 
112. NGC 110 depacketizes or demultiplexes the re- 
ceived signal, depending upon the encoding method 
employed by RCP 107, and routes the information 
contained in the signal to buffer 126. Controller 127 40 
retrieves information relating to the identity of field 
transceiver 116 and AH/D 113 (the particular AH/D 
being queried) from the buffered signal and com- 
pares it to a listing of approved subscribers stored in 
database 128. If field transceiver 116 is found to be a 45 
subscriber approved to receive information from 
AH/D 113, controller 127 allows the request for infor- 
mation to be passed from buffer 126 to AH/D 113 at 
a fixed rate via wireline 114. This fixed rate is set by 
controller 127 as a function of stored information re- so 
trieved from database 1 28. Database 1 28 contains in- 
formation regarding the particular data transmission 
capabilities of any and all AH/Ds connected to NGC 
110. Controller 129 within AH/D 113, in response to 
the received request, retrieves the needed informa- 55 
tion from database 130, and transmits it at a fixed rate 
to buffer 131 via wireline 114. Controller 129 also em- 
beds information as to the identity of the intended re- 



cipient of the information (field transmitter 116) into 
the data stream transmitted along wireline 114. 

Controller 127 transfers the data received by buf- 
fer 131 to the link BMT via wireline 112. This data 
transfer must take place at the fixed rate required by 
the BMT link. As this fixed BMT rate is not necessarily 
equal to the rate at which AH/D 113 transfers data, 
buffer 131 is needed. If controller 127 determines that 
the incoming data rate to buffer 131 is less than the 
fixed data rate of the BMT link, NGC 110 will elevate 
the data rate by bit stuffing. Controller 1 27 may pause 
before allowing the data stored in buffer 131 to be 
transferred to the BMT link. This pause would be en- 
tered into if controller 127 had received a message in- 
dicating that buffer 125 of RCP 107 was nearly full 
(such information was included in the data requesting 
signal received from RCP 1 07). The pause may be for 
a fixed period or until controller 127 receives informa- 
tion from RCP 107 that buffer 125 was no longer in 
danger of becoming full. In any case, the data is 
transferred from the BMT link to buffer 125 via wire- 
line 109. 

Upon receipt of the data intended for field trans- 
ceiver 117 being stored in buffer 125, controller 123 
causes it to be transferred along information channel 
wireline 103 to base transceiver 101. The rate at 
which the data is transferred to base transceiver 101 
is equal to the rate at which data was last received by 
RCP 107 from base transceiver 101 . This data rate is 
commensurate with the error correction/information 
bandwidth ratio employed by field transceiver 116 in 
making the request for data. By returning data to base 
station 101 along information channel wireline 103 at 
this rate, a signal carrying the requested information 
may be readily transmitted back to transceiver 116 
employing the same error correction/information 
bandwidth ratio — A level of error correction suitable 
for the present transmission environment and overall 
system data load. 

In the above transmission scenario, it was as- 
sumed that field transceiver 116 was transmitting in 
an area serviced by base transceiver 1 01 . As multiple 
base transceivers may be employed within a wireless 
two-way messaging system, signals transmitted to 
and from a field transceiver may be received by dif- 
ferent base transceivers (such as base transceiver 
1 02) depending upon the location of a field transceiv- 
er. Base transceiver 102, which operates in manner 
similar to that of base transceiver 101, is shown in 
FIG. 1 to include controller 132 and T/R 133. The re- 
ception and passing of a received signal among vari- 
ous base transceivers can be managed in a fashion 
similar to that of a cellular telephone signal being 
passed from cell to cell. In addition, as multiple base 
transceivers can be employed, RCP 107 may simul- 
taneously receive more than one signal originating 
from more than one field transceiver, or receive more 
than one signal from the BMT link intended for more 
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than one field transceiver. This additional information 
flowing through the system merely adds to the aggre- 
gate information flow and is compensated for through 
the buffering and information reduction processes 
described above. 

FIG. 2 is a simplified block diagram showing a 
second wireless two-way messaging system incor- 
porating components similar to those shown in FIG. 
1. The system includes BMT 201 which is linked by 
wirelines 202, 203, 204 and 205 to RCPs 205, 206 
and 207. Each of the RCPs is shown to be linked by 
control and information channel wirelines to two base 
transceivers, which are numbered 208 through 213. 
BMT 201 is also shown to be linked by wirelines 214, 
215 and 216 to NGCs 217 and 218. Each of these 
NGCs is linked by wireline to two AD/Hs, numbered 
219 through 222. In practicing a particular embodi- 
ment of the invention within the system of FIG. 2, com- 
munications are carried out between the base trans- 
ceivers and various field transceivers (not shown). 
The field transceivers exchange information with the 
AH/Ds via radio transmissions, wirelines, base trans- 
ceivers, NGCs and a BMT in a manner similar to that 
described for the system of FIG. 1. 

The major difference in operation between the 
system of FIG. 2 and the system of FIG. 1 is an addi- 
tional level of control facilitated by the control wire- 
lines 223, 224 and 225. As shown, wirelines 223 and 
224 connect all of the RCPs within the system togeth- 
er, thereby allowing the controllers within each of the 
RCPs to share information regarding the present level 
at which each is allowing data to be passed to wireline 
202 for transmission to BMT 201 . By allowing each of 
the RCPs to track the rate of information transmission 
of the other two RCPs, the aggregate data rate flow- 
ing along wireline 202 can be kept to a level matching 
the fixed data rate of BMT 201 . To regulate this aggre- 
gate data rate, the buffers within each of RCPs em- 
ploy variable buffering to allow the rate of data exiting 
each RCP to be varied somewhat independently of 
the rate at which data is received by a given RCP from 
any associated base transceivers (the buffering is 
performed in a manner similar to that described for 
RCP 107 of FIG. 1). 

Control wireline 225 provides a link between 
NGC 217 and NGC 218. This link allows the control- 
lers within the NGCs to share information regarding 
the level at which each is allowing data to be passed 
to BMT 210 via wireline 214. Each of the NGCs can 
then determine the aggregate rate at which data is 
flowing along wireline 214. By utilizing the buffers 
contained within each NGC, the controllers can reg- 
ulate this aggregate data flow to matching the fixed 
data rate of BMT 201 (this inter-NGC buffering is per- 
formed in a manner similar to the buffering described 
for RCP 107 of FIG. 1). The inter-NGC buffering is 
performed in addition to the any other buffering or in- 
formation reduction processes normally carried out 



within an NGC (such as those described above for 
NGC 110 of FIG. 1). 

The above-described invention provides a prac- 
tical technique for effecting variable error-correction 

5 wireless communications within a communication 
system, wherein the bandwidth dedicated to wireless 
signal error correction is varied in response to fading 
within the transmission environment, and the rate at 
which information is accumulating within the nodes of 

10 the communication system. It will be understood that 
the particular methods described are only illustrative 
of the principles of the present invention, and that va- 
rious modif ications could be made by those skilled in 
the art without departing from the scope and spirit of 

15 the present invention, which is limited only by the 
claims that follow. One such modification would in- 
clude applying the method of this invention to a sys- 
tems employing a wireline BMT link. 

20 

Claims 

1. A method for transmitting information within a 
communication system comprising an endpoint 

25 node, an intermediate node and a distant node; 

said method comprising the steps of: 

transmitting information between said en- 
dpoint node and said intermediate node at a va- 
riable rate via an information channel, said vari- 

30 able rate being a function of the transmission 

quality afforded by said information channel; 

transmitting, from said intermediate node 
to said distant node, a signal indicating the pres- 
ent variable rate at which information is being 

35 transmitted between said endpoint node and said 

intermediate node; and 

transmitting information between said dis- 
tant node and said intermediate node at a rate de- 
termined as a function of said present variable 

40 rate of transmission between said endpoint node 

and said intermediate node. 

2. The method of claim 1 wherein said information 
transmitted between said distant node and said 

45 intermediate node is then transmitted from said 

intermediate node to said endpoint node at a rate 
equal to said present variable rate of transmis- 
sion between said endpoint node and said inter- 
mediate node. 

50 

3. A method for transmitting information within a 
communication system comprising an endpoint 
node, an intermediate node and a distant node; 
said method comprising the steps of: 

55 transmitting information between said en- 

dpoint node and said intermediate node at a va- 
riable rate via a wireless information channel, 
said variable rate being a function of the trans- 
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mission quality afforded by said wireless informa- 
tion channel; 

transmitting, from said intermediate node 
to said distant node, a signal indicating the pres- 
ent variable rate at which information is being s 
transmitted between said end point node and said 
intermediate node; and 

transmitting information between said dis- 
tant node and said intermediate node at a rate de- 
termined as a function of said present variable 10 
rate of transmission between said endpoint node 
and said intermediate node. 



4. The method of claim 1or3 wherein said rate de- 
termined as a function of said present variable 
rate of transmission between said endpoint node 
and said intermediate node is equal to said pres- 
ent variable rate of transmission between said 
endpoint node and said intermediate node. 



15 



20 



5. The method of claim 3 wherein said information 
transmitted between said distant node and said 
intermediate node is then transmitted from said 
intermediate node to said endpoint node via a 
wireless information channel at a rate equal to 25 
said present variable rate of transmission be- 
tween said endpoint node and said intermediate 
node. 

6. A method for transmitting information within a 30 
communication system comprising: 

a wireless field transceiver adapted to 
transmit and receive information via a first chan- 
nel having a fixed bandwidth; 

a base transceiver adapted to transmit in- 35 
formation to, and receive information from said 
wireless field transceiver via said first channel, 
and 

a remote data base adapted to transmit in- 
formation to and receive information from said 40 
base transceiver via a second channel; 

said method comprising the steps of: 

transmitting information between said 
wireless field transceiver and said base trans- 
ceiver at a variable rate via said first channel, said 45 
variable rate being a function of the transmission 
quality afforded by said first channel; 

transmitting, from base transceiver to said 
remote data base, a signal indicating the present 
variable rate at which information is being trans- 50 
mitted between said wireless field transceiver 
and said base transceiver; and 

transmitting information between said re- 
mote data base and said base transceiver, via 
said second channel, at a rate determined as a 55 
function of said present variable rate of transmis- 
sion between said wireless field transceiver and 
said base transceiver. 

6 



7. The method of claim 6 wherein said rate deter- 
mined as a function of said present variable rate 
of transmission between said wireless field 
transceiver and said base transceiver is equal to 
said present variable rate of transmission be- 
tween said wireless field transceiver and said 
base transceiver. 

8. The method of claim 6 wherein said information 
transmitted between said remote data base and 
said base transceiver is then transmitted from 
said base transceiver to said wireless field trans- 
ceiver at a rate equal to said present variable rate 
of transmission between said remote data base 
and said base transceiver. 

9. The method of claim 6 wherein said second chan- 
nel includes a fixed rate information transmission 
channel. 

10. A method for transmitting information within a 
communication system comprising: 

a plurality of wireless field transceivers, 
each adapted totransmitand receive information 
via a separate channel having a fixed bandwidth; 

a plurality of base transceivers, each 
adapted to transmit information to, and receive 
information from said plurality of wireless field 
transceivers via said separate channels, and 

a plurality of remote data bases adapted to 
• transmit information to and receive information 
from said plurality of base transceivers via a sec- 
ond channel, and further adapted to transmit in- 
formation to each of said plurality of wireless field 
transceivers; 

said method comprising the steps of: 

transmitting information between at least 
one of said plurality of wireless field transceivers 
and at least one of said plurality of base trans- 
ceivers, each of said transmissions being per- 
formed at a variable rate via one of said separate 
channels, wherein the particular variable rate of 
transmission for each of said separate channels 
is a function of the transmission quality afforded 
by each separate channel; 

transmitting from at least one of said plur- 
ality of base transceivers to at least one of said 
plurality of remote data bases, via said second 
channel, a signal indicating the present variable 
rate at which information is being transmitted be- 
tween each of said plurality of wireless field 
transceivers and said one of said plurality of base 
transceivers; and 

transmitting information between at least 
one of said plurality of remote data bases and at 
least one of said plurality of base transceivers, at 
a rate determined as a function of said present 
variable rates of transmission between said plur- 



BNSDOCID: <EP 0651531 A2_l_> 



11 



EP 0 651 531 A2 
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(57) A communication method wherein rate of infor- 
mation transfer with a given signal transmitted or re- 
ceived at a transceiver node (e.g. 101) is dynamically 
varied as a function of the relative quality of the trans- 
mission environment. The method employs a respon- 
sive buffering process (in 107) at each communication 



node that permits this rate to be varied somewhat inde- 
pendently of the rate at which information is transferred 
to or from the transceiver node. In a particular applica- 
tion, the invention permits information to be exchanged 
between a wireless signal (from 116) having a variable 
error correction bandwidth and a fixed bandwidth data 
stream (108,115,111). 
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